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SUMMARY 

Eukaryotic cells transformed with a plasmid expression vector are ab lei to synthesize 
end assemble HBsAg, a complex multimeric lipoprotein particle. Hybnd particles carry- 
fn fAnEd*^^ were constructed and "»J^^!*^^ 

Dlete immune response Including neutralizing antibodies, proliferative and cytotoxic T-cefl 
SSwas obtained. Thus, such HIV/HBsAg hybrid particles could be a new approach 
to multivalent vaccination. 
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Introduction 

Strategies to develop a vaccine against viral 
disease utilize two types of antigen: soluble an- 
tigen or antigen carried by a live vector (recom- 
binant or attenuated virus). The potential 
irnmune response induced by each type of anti- 
gen could be different, since a live vector main- 
ly stimulates a cellular cytotoxic response with 
minor or no antibody production. On the other 
hand, soluble antigen induces high-titred anti- 
bodies able to clear free virus and also cellular 
response, such as production of helper T cells 
and major histocompatibility complex class -11- 
dependent (Orentas et al, 1990) or class-I- 
dependent (Deres et al, 1989) cytotoxicity. Be- 
cause we think that a live recombinant vaccine 
may present risks, especially in an im- 
munodepressed population, we chose to present 



antigenic determinants on a soluble antigen, the 
hepatitis B surface antigen (HBsAg), as a carri- 
er. Combination of foreign peptides with HBsAg 
offers the opportunity to develop multivalent im- 
munogens. Since there is an overlap between 
populations at risk from HBV and HIV infec- 
tions, we decided to express HIV-envelope de- 
terminants as fusion proteins with the 
HBV-envelope protein. 

As we have reported previously, eukaryotic 
cells transformed with a plasmid expression vec- 
tor are able to synthesize and assemble a com- 
plex multimeric lipoprotein particle, the HBsAg 
particle (Michel et al, 1984). This particle is 
structurally similar to the empty viral envelope 
normally present in the serum of infected pa- 
tients and is highly immunogenic upon injection 
into animals and humans. The surface proteins 
of HBV are the translational products of a large 
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open reading frame, which is divided into three 
domains, each of which begins with an in-frame 
ATG codon that could be used as a translation- 
al initiation site. These domains are referred to 
as preSl, preS2, and S in their 5* to 3' order in 
the open reading frame, defining three polypep- 
tides referred to as major (S only), middle (preS2 
plus S) and large proteins (preSl plus preS2 plus 
S). To ensure a correct presentation of the HIV 
antigenic determinants, they have been inserted 
into the preS2 region of the middle protein. This 
region, clearly not involved in particle assembly 
and secretion, contains an immunodominant epi- 
tope and is a well-exposed surface region. 

The protective immune response to enveloped 
viruses usually involves the production of neu- 
tralizing antibodies against surface antigens. The 
envelope glycoprotein gpl60 of HIV1 is a logi- 
cal candidate as a st(bunit vaccine for this virus. 
To deal with antigenic competition between epi- 
topes present within *the full length of gpl60, our 
strategy in the design of a vaccine that will con- 
fer protection against HIV is'the presentation 
of selected epitopes to the immune system. 



Cloning and expression of fusion proteins 

We have developed a general system for clon- 
ing and expression of HIV fragments as fusion 
protejhs in animal cells. In this system, any DNA 
fragment cloned in frame with the |S- 
galactosidase gene in an M13-derived bacteri- 
ophage can be easily transferred in frame with 
the S gene to different HBsAg eukaryotic expres- 
sion vectors (fig. 1). Alternatively, synthetic 
oligomers coding for known epitopes can be 
directly cloned into the eukaryotic vectors. Af- 
ter transfection of animal cells', the supernatants 
of cell cultures expressing J ^BsAg may be 
screened for the presence of £he fusion protein 
using either HIV-specifIc Rlf or Western blot 
analysis. 



Structure of HIV/HBsAg particles 

Using this cloning strategy, we have en- 
gineered several HIV/HBsAg hybrid particles 
form the HIVl^ isolate. We became especially 
interested in two of them, one (region 8) carry- 
ing an 84-amino acid domain (AA 384-467) in- 
volved in the binding of glycoprotein gpl60 to 
the CD4 molecule (McDougal et al, 1986) and 
the other, the V3 region, a 24-amino acids do- 
main (AA 308-33 1) containing the principal neu- 
tralizing determinant (Goijdsmit et al, 1987) but 
also epitopes for cellular cytotoxicity, helper T 
cpUs and antibody-dependent cytotoxicity (Taka- 
jfashi et aL, 1990). 

Each domain was inserted into the pSV2S ex- 
pression vector, and following transfection in 
animal cells, hybrid proteins were synthesized, 
glycosylated and assembled together with the 
fjBsAg major protein, into 22-nm particles, 
^ese particles were secreted and detected in cell 
gulture supernatants by an HBsAg-specific com- 
mercial ELISA. The particles were purified on 
^ caesium chloride gradient according to their 
densities and were analysed by Western blot. The 
hybrid protein, in its different glycosylated 
fprms, could be revealed by using anti-HIVl- as 
well as anti-HBV-specific monoclonal antibod- 
ies (mAb) as shown in figure 2. The presence of 
the HIV1 V3 domain on the HBsAg particles was 
confirmed by using different mAb in a sandwich 
RIA (Schlienger et al., 1992). Because these mAb 
are able to neutralize HIV1 infectivity in vitro, 
this shows that the V3 domain is exposed on the 
hybrid particles as well as on the native HIV1 
virus. 

tumoral immune response to HIV/HBsAg par- 
ticles 

Immunization of rabbits or macaques with 
t]je purified hybrid particles resulted in an anti- 



HBsAg = hepatitis B surface antigen. 

HBV => hepatitis B virus. 

HIV1 « human immunodeficiency virus type I . 



mAb = monoclonal antibody. 

PBMC ~ peripheral blood mononuclear cells. 

RIA = radioimmunoassay. 
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Fie 1 Cloning and expression vectors of the HIV-envelope gene fragments. 
M13tgl30 is the cloning vector for HIV DNA fragments. 
Hatched region : N-terminal section of the p ; galactosidase |ene In 0ns ; region a ^ 
tiple cloning sites is inserted (EI = EcoRl ; Sm = Smal ; Ss = &rt ; EV = Ec oKV S > - -SpM I K -Kpnl^ 
Xb = Xbal ; H = Hindlll ; B = BamHl ; Sa = Sail ; P = Pstl ; Xh = Xhol). pSVS, P M2S, pSVS XL ana 
pSV2S are HBsAg expression vectors. SV40 = simian virus 40. 




Fig. 2. Wesfern blot analysis of an HBsAg recombinant particle. 
V3/HBsAg hybrid recombinant particle 20 ng (lane 1) and 40 ng (lane ?), P^^^g "ative 
recombinant particle 40 ng (lane 3). Proteins were revealed with an anti-V3 H jy^r s P^ c J^P 
S TorTanti i-HBs-specific mAb right). The 22- and 26-kDa bands correspond tc > the HBV major 
envelope protein, and the 34-kDa band corresponds to the HBV middle protein; the 36-, 31.5- and 
27-kDa bands correspond to the hybrid middle protein. 
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body response directed against both parts of the 
hybrid particle, i.e. HIV and HBV (Michel et 
al., 1988 ; Michel et al, 1990; Schlienger et al., 
1992). Antibodies induced by particles carrying 
region 8 recognized homologous HIV1 peptides, 
and the recognition of gpl60 glycoprotein ap- 
peared late in the course of immunization. Con- 
versely, antibodies to particles carrying the V3 
domain reacted more efficiently with the com- 
plete envelope protein than with the homologous 
synthetic peptide. This suggests that the domains 
are presented differently in the gpl60 molecule : 
the V3 domain, readily accessible and the 
CD4-binding domain, buried in the protein. In 
both experiments, anti-HBsAg antibodies 
reached titres equivalent to those obtained fol- 
lowing immunization with native particles (con- 
trol animals). Thus, presentation of foreign 
determinants at the surface of the particles does 
not prevent recognition of HBsAg. 

The ability of sera from immunized macaques 
to neutralize HIV1 infectivity in vitro was moni- 
tored by inhibition of HIVl-specific reverse tran- 
scriptase activity and by inhibition of syncytia 
formation. Rhesus monkey sera obtained after 
3 injections of the V3/HBsAg hybrid particle (2 
injections one month apart followed by a booster 
6 months later) were able to block both free 
virus infectivity and a virus-induced cytopatho- 
genic effect at the same time (Schlienger et a!., 
1992). 



Cellular immune response to hybrid particles 

The ability to induce HIV-specific helper T 
cells is likely to be an essential requirement of 
any vaccine designed to prevent or control HIV 
infection. Helper T cells are required for both 
antibody and cytotoxic responses. The prolifer- 
ative responses of peripheral blood mononuclear 
cells (PBMC) isolated from macaques before and 
after immunization were tested against HBsAg 
and HIV1 antigens. An in vitro specific prolifer- 
ative response to HIV1 killed virus of 
V3/HBsAg-immunized macaques was observed 
after the first immunization and was maintained 
for several months after the second immuniza- 
tion. Because the V3 domain contains a helper 
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T-cell epitope, it is likely that the V3 domain ex- 
posed on HBsAg particles is processed in a man- 
ner similar to that which occurs when this 
domain is presented by the virus. 

Similarly the T-cell proliferative response of 
lymphocytes isolated from macaques vaccinat- 
ed with hybrid particles carrying region 8 were 
equally well stimulated with HIV1 and gpl60. 
Moreover, a significant response was observed 
when purified HIV2 was used as a recall anti- 
gen, indicating cross-reactivity at the T-cell lev- 
el in the recognition of the CD4-binding domain, 
a well conserved domain in both viruses. A 
specific proliferative response to HBsAg was 
elicited in the control animals as well as in the 
animals immunized with the hybrid particles. 
This response appeared following the first im- 
munization and was enhanced after the booster. 
Thus, the processing of the hybrid particles did 
not alter the processing and the presentation of 
the HBsAg-specific T-cell epitopes. 

Another major goal of vaccination is to 
generate immune cells able to recognize and kill 
infected cells. We thus examined this possibili- 
ty by testing the lytic activity of fresh PBMC 
from immunized animals towards autologous 
B lymphoblastoid target cell lines. In a standard 
chromium release assay, PBMC from V3/HBsAg- 
immunized macaques were able to specifically 
lyse target cells infected with recombinant vac- 
cinia viruses and expressing gpl60 at the cell sur- 
face. In the same assay, PBMC from the control 
macaque did not lyse any target. These experi- 
ments provide evidence that HBsAg carrying an 
HIV1 domain is able to induce immunity to and 
memory of both HBV and HIV at the T-cell 
level. 

In summary, HBsAg is a good carrier for presen- 
tation of HIV determinants, since it enabled us 
to obtain a large spectrum of immune response 
including neutralizing antibodies, T-cell prolifer- 
ative response and cytolytic activities in im- 
munized primates. This system does not exclude 
the possibility of combining various epitopes or 
different sequences of the same epitope either 
on the same particlcor in a cocktail of particles. 
Since HBsAg has already proved its safety and 
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efficacy, in human vaccination, the use of such 
hybrid particles could be a new approach in mul- 
tivalent vaccination. 
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